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Introduction
Rates of dementia are growing at an alarming rate globally as the world population ages. 1 Several studies have shown that the overall prevalence of dementia varies widely among countries, mainly related to the influence of cultural and socioeconomic factors. 2 According to the World Health Organization, in the near future, aging of the population will be more pronounced in underdeveloped countries, while the People's Republic of China, India and Latin America will be the areas more affected by this aging process. Diseases related to the aging process, such as dementia, will be more prevalent in these regions, 3 and it is anticipated that the prevalence and incidence of Alzheimer's disease (AD) will dramatically increase, especially among the group of "oldest old". There is a continuum of progressive deterioration of cognitive abilities from normal cognition to minimal cognitive impairment (MCI) to dementia syndrome. Early diagnosis of cognitive impairment is highly recommended to help patients and families cope with the disease despite the current lack of an effective curative treatment. Worldwide, numerous new medications are being developed and tried in clinical trials.
Neuroimaging and chemical biomarkers performed at the MCI stage may allow detection of the neurodegenerative process of AD at an earlier point in the spectrum. 4 To achieve this goal, worldwide Alzheimer's Disease Neuroimaging Initiative (ADNI) researchers have established a longitudinal multicenter study designed to develop clinical, imaging, genetic, and biochemical biomarkers for the early detection and tracking of AD. The methodological organization of the Argentina-ADNI is comparable with other worldwide ADNI programs. Since its creation, the Arg-ADNI 5 has developed a clinical and neuropsychological test battery and has standardized imaging techniques and biomarker procedures in normal subjects, subjects with MCI, and subjects with mild AD. The Arg-ADNI was designed to establish the first worldwide ADNI center in Latin America and to examine: 1) clinical, neuropsychological, and behavioral characteristics; 2) role of risk and protective factors; 3) conversion rates from MCI to dementia or normal cognition; and 4) biomarker data on patients with AD, MCI, and elderly controls. Our objective was to describe the baseline characteristics and to examine whether biomarkers related to AD physiopathology were associated with worse memory performance.
Patients and methods structure and design of the study
The methodological organization of the Arg-ADNI is similar to other worldwide ADNI programs. The methods of Arg-ADNI data collection and study design have been described in detail elsewhere. 5 The Arg-ADNI team has been enrolling subjects for this study since January 2012. This study was approved by the Medical Ethics Committee of FLENI, Buenos Aires, Argentina. Written informed consent was obtained from all participants and/or their legally acceptable representative.
subject recruitment and selection of patients
Enrolled subjects were between 55 and 90 years of age (inclusive), and we admitted subjects with normal cognition (controls), MCI, and AD. We required patients to have a study partner (such as a family member or close friend) to provide an independent evaluation of daily functioning.
Participants underwent a "screening" visit, during which they completed the Mini-Mental State Examination (MMSE), Wechsler's Logical Memory Scale -Revised (LM; Immediate and Delayed Recall), Clinical Dementia Rating (CDR; Global and Sum of Boxes), and Geriatric Depression Scale (GDS). They then underwent a "baseline" visit, at which point they completed the neuropsychological battery, and underwent all test procedures, including neuroimaging and APOE genotyping. According to the ADNI-2 procedure manual, the window from "screening" to "baseline" was 28 days. Participants were then followed longitudinally (6-12 month follow-up visits).
Neuropsychological battery
At baseline and 1-year follow-up, subjects were evaluated using the Alzheimer' 
structural magnetic resonance imaging scans
All subjects underwent a 3-Tesla magnetic resonance imaging (MRI) scan of the brain including T1, T2, fluidattenuated inversion recovery, and gradient-recalled echo, and diffusion-weighted imaging sequences, and images were then saved in Kodak Carestream System from FLENI for clinical reviewing.
Cortical reconstruction and volumetric segmentation were performed with the automated volumetric output of the FreeSurfer image analysis suite, which is documented and freely available for download online (http://surfer.nmr. mgh.harvard.edu/). FreeSurfer analysis was completed using Version 4.3. The volumetric and cortical thickness measures were corrected for the total intracranial volume. The technical details of these procedures have been described in prior publications. 6, 7 We determined three regions of interest to be measured: the amygdala, hippocampus, and parahippocampal gyrus. The rationale for regions of interest selection was based on which regions have been previously reported as selectively affected by AD in the most of published studies. Images were obtained using a nonuniform attenuation correction with CT. Images were viewed and analyzed by a nuclear medicine physician blinded to the clinical diagnosis. Based on the concentration of activity of 11 C-PIB, the degree of cortical retention was classified as positive (β+) or negative (β−) using visual color linear scales. No other semiquantitative or quantitative assay was performed from the PET images. We also recorded cerebral metabolism using FDG-PET scans. However, results were not considered in this analysis.
aPOe genotyping
In line with other ADNI studies, APOE genotyping for all participants was performed as previously described. 5 The presence of at least one ε4 allele was considered as being APOE-ε4 positive (ε4+).
Cerebrospinal fluid biomarkers
At least 80% of the participants donated a sample of cerebrospinal fluid (CSF) via a lumbar puncture. FLENI scientists then run CSF biomarkers using enzyme-linked immunosorbent assay kits (Innogenetics; Ghent, Belgium) and our laboratory participates in the ADNI Quality Control Program. CSF markers included the determination of amyloid β1-42, total tau protein (t-tau), and tau phosphorylated at position threonine 181 (p-tau181).
consensus diagnoses
After each clinical assessment, study neurologists (RFA, MJR, and PC) and neuropsychologists (MEM, MFC, PH, and FT) reviewed the functional, neurologic, and neuropsychological data and reached a consensus regarding the presence or absence of dementia based on the National Institute of Neurological and Communicative Disorders and StrokeAlzheimer's Disease and Related Disorders Association criteria for probable AD. 8 Only those who were not diagnosed with dementia were considered for a diagnosis of MCI, which was defined according to Petersen's criteria. 9 
Data analysis
Statistical analyses were performed with the Statistical Package for the Social Sciences, v19.0 (SPSS Inc., Chicago, IL, USA). Continuous variables were expressed as mean (standard deviation [SD]), and categorical variables were expressed as frequencies (%). The χ 2 test was used for comparison of categorical variables. The proportion of subjects "who converted" to dementia was determined (conversion rate % = total conversions/total MCI subjects ×100). Normality was tested using the Shapiro-Wilk test. Assumption of variance homogeneity was assessed using Levene's test. Analysis of variance (ANOVA) or one-way ANOVA was used for comparisons of continuous variables if the samples were distributed normally. If samples were not distributed normally, Kruskal-Wallis one-way ANOVA was used. For multiple comparisons, Bonferroni's post hoc tests were applied. Conversion proportion was estimated. Differences between the mean values were considered statistically significant at P,0.05.
The relationship between memory performance measured by long-delay recall on RAVLT and several factors related to AD physiopathology was examined by logistic regression analyses. The full data set was split into two groups to determine which variables were consistent predictors of poor memory performance. Due to skewed distributions of the long-delay recall on the RAVLT, we split the variable at its median to create a dichotomous variable (#3 poor performance or .3 good performance). The potential predictors for memory performance were chosen based on the known pathologies and biomarkers of AD and constituted the main analysis. The independent variables of interest were the result of PIB-PET scan, APOEε4 carrier, and left hippocampal volume. The primary dependent variable was long-delay free recall on the RAVLT. PIB-PET scan and APOEε4 status were entered into the model as dichotomous variables (ie, positive or negative PIB-PET and presence or absence of at least one ε4 allele). The models were estimated using the stepwise forward likelihood ratio method.
Results
Baseline characteristics of study subjects
Information related to the demographic characteristics of the participant groups are summarized in Table 1 . A total of 56 participants were included and underwent baseline evaluation. There were 15 normal controls, 28 subjects with MCI, and 13 with mild AD dementia enrolled in this study. The three groups were similar with respect to years of education and sex, and they differed in age (AD patients were older than the rest). All subjects were white and Spanish speaking. For the AD and MCI groups, the mean time from symptom onset to enrollment in Arg-ADNI was ~3 years. The mean number of total medications per participant in the Arg-ADNI cohort was 3.5 (SD: 1.85). At baseline, 46% (n=12) of MCI participants and 80% (n=10) of AD subjects received treatment with a cholinesterase inhibitor. One patient in the MCI group and two AD patients were treated also with memantine. Table 2 shows the mean scores for the screening measures (MMSE, Paragraph Recall, CDR, GDS, and Modified Hachinski Scale). As expected, there was a statistically significant difference in the baseline screening test results in the three groups (P,0.001) for the MMSE, Paragraph Recall, and CDR, with the exception of the GDS and Modified Hachinski Scale scores, in which the difference in all three groups did not reach significance (P=0.27 and 0.69).
As shown in Table 3 , the mean scores for the baseline measurements of the neuropsychological evaluation differed significantly among the three groups at P,0.001, showing a continuum in their neuropsychological performance. Overall, subjects with mild AD had a mean total Montreal Cognitive Assessment score of 16.5, whereas the MCI subjects had a score of 22.9 and the control subjects had a score of 26.6. The subjects with AD performed worse than control and MCI subjects on Clock Drawing Test (P,0.001) and Clock Copying Test (P=0.01), although no differences between the MCI and control groups were observed. The three groups differed significantly in the total number of recalled words, as well as in short-delay (Trial 6) and long-delay (Trial 7) recall from RAVLT, and there was no statistical significance in the number of intrusions in the delayed recall, recognition score, and the number of false alarms. The AD subjects were also impaired in all nonmemory areas tested, including language and executive functions. MCI subjects performed worst compared to control in executive functions domain (Letter Fluency and Trail Making Test). There was no statistical significant difference in behavioral symptoms using the NPI reported by family members in the three groups, although we saw a trend toward more behavioral symptoms in the AD group compared to the rest. As expected, we observed a significant difference in the daily functions using FAQ with more impairment in the AD group compared to the other groups and no significant difference in performance of activities between the control and MCI patients. Interestingly, for the MCI group, we found mild compromise in activities of daily living, mainly in sophisticated instrumental activities using the FAQ (writing checks, paying bills, keeping financial records; assembling tax or business records; and remembering appointments, family occasions, and medications). These data are not shown.
Biomarkers results of study subjects Table 4 shows the results of MRI and CSF biomarkers. Regarding volumetric MRI measurements, all regions of interest measured (amygdala, hippocampus, and parahippocampal gyrus) were significantly different (P,0.05) in control subjects compared to MCI and AD subjects, but interestingly, there were no differences between the MCI and AD groups. As outlined in the ADNI protocol, we then considered the MCI group and split it into early versus late MCI, and we found a significantly lower hippocampal volume in subjects with late MCI compared to controls, and no statistical difference between controls and those with early MCI (Figure 1) . CSF results were available from ten control subjects, 21 patients with MCI, and eight patients with mild AD. Baseline CSF Aβ-42 levels decreased significantly across the groups (P,0.05) with a slope of values from the control subjects to MCI and AD patients. Baseline t-tau levels increased significantly (P,0.05) and p-tau levels increased marginally (P=0.06) across the groups. There were no differences between the controls and MCI groups in CSF biomarkers. All subjects underwent an amyloid PET scan. The following percentages of subjects had an amyloid positive (Aβ+) PET scans at baseline: normal controls: 14.2%, subjects with MCI: 50%, and subjects with mild AD: 83.3%, with a significant difference in percentage distribution across diagnostic groups (P=0.002; Figure 2 ).
Prediction of memory performance main analyses
A logistic regression analysis was conducted for successfully predicting the memory performance of the patient population using PIB-PET scan, left hippocampal volume, and APOEε4 status as predictors. No significant correlations were found between the principal measures (long-delay recall, PIB-PET scan, left hippocampal volume, and APOEε4) and either age, sex, or education (P.0.1). Consequently, these measures were not considered for further analysis. A test of the full model against a constant-only model was statistically significant, indicating that the predictors as a set reliably distinguished between individuals having a long-delay recall on RAVLT of ,3 with those having a higher score (χ 2 =14.802, P,0.001 with df=1).
Nagelkerke's R 2 of 0.711 indicated a moderately strong relationship between prediction and grouping (Table 5) . Prediction success overall was 87.5% (85% for good performance and 90% for poor performance). The Wald criterion demonstrated that only PIB-PET scan and left hippocampal volume made a significant contribution to prediction (P=0.01). APOEε4 status was not a significant predictor (Figure 3) .
Discussion
This report presents the clinical and biomarkers profile of the baseline evaluation of Arg-ADNI. Our study is a longitudinal prospective cohort study of 56 subjects, aged 55-90 years recruited at a single study site in Argentina. Our institution is the only medical center in the region with the infrastructure to perform the biomarkers and PET study with Pittsburg compound. All the procedures and follow-up were performed at our center with highly standardized protocols and strictly adhered to worldwide study sites. By following the ADNI-II The summary of the baseline characteristics of the Arg-ADNI subjects showed that the three groups were comparable to subjects recruited at other worldwide ADNI sites. 4 Neuropsychology, structural, and molecular measures showed a continuum between the three groups, with AD being the worst group, controls better, and MCI subjects showing an intermediate status (especially, long-delay recall, hippocampal volume, amyloid deposition measured by PIB-PET and CSF). Furthermore, the amyloid deposition and hippocampal atrophy data highly correlated with the memory performance. Similar findings have arisen in related studies supporting the use of hippocampal volume and amyloid deposition as reliable and valid surrogate measures in AD clinical drug trials. 10, 11 We observed that almost half the patients in the MCI group received medication with cholinesterase inhibitor. Treatment with this group of medications for MCI is currently out off label for this diagnosis, and it is interesting to observe that the clinical practice of neurologists in our center that did not differ from that reported in other ADNI sites. 4, 12 Very few patients in this group of patients with only mild AD were treated with memantine, which is consistent with the current indication of this drug restricted to moderate-tosevere AD.
Conclusion
Limitations of our study are, in the first place, the relatively small cohort of subjects included in this first pilot study. This is in part due to funding constraints for research in developing countries. Another limitation is that our study was performed in a unique, single-specialized medical center, and thus could be less representative of the real population of patients of our region. All investigators from this pilot team hope to develop a new pathway to create a multisite ADNI in Argentina, with the intention of using these preliminary results obtained to seek continued funding from local and international agencies. Follow-up of a larger and more representative cohort, particularly related to CSF and brain biomarkers, will allow for better characterization of AD in our country, and perhaps point to unique environmental factors influencing brain health in South America. Notes: The dependent variable in this analysis was memory performance measured by long-delay recall on raVlT coded so that 0= .3 (good performance) and 1= #3 (poor performance). The independent variables of interest were the result of PiB-PeT scan, aPOe ε4 carrier, and left hippocampal volume. The models were estimated using the stepwise forward lr method. Abbreviations: PiB-PeT, 11 c-Pittsburgh compound-B; raVlT, auditory Verbal learning Test (Total, delayed recall, recognition score); lr, likelihood ratio.
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